An intact and uncompromised internal acoustic transmitter was non-lethally recovered from a lemon shark Negaprion brevirostris, after 13 years at liberty. The shark, first tagged at an estimated age of 2 years old near South Bimini, Bahamas in 2004, was recaptured in 2017 with a total length of 264 cm. The tagged shark displayed typical growth rate, pregnancy, natal homing and pupping behaviour of other individuals in this population. This observation provides important evidence regarding the effects from long-term retention of implanted acoustic transmitters in a carcharhinid shark. K E Y W O R D S acoustic telemetry, internal transmitter, Negaprion brevirostris, tag retention Marine species are often difficult to study due to their cryptic nature and environmental constraints, requiring technological advancements
over the years to begin to elucidate their biology and ecology. For sharks, large-scale tagging programmes were initiated in the 1940s with the external identification markers wired through the dorsal fins (Forester, 1942) . Such early tagging efforts provided insight into shark movement patterns, population status, survival and growth rates (Kohler et al., 2002) . More recently, electronic tagging in the form of biotelemetry has provided valuable insight into the distribution, movement and daily lives of aquatic organisms (Donaldson et al., 2014) . In response to technological advancements, which have reduced size, decreased cost and improved data acquisition the use of aquatic acoustic telemetry has increased, six-fold in the past decade alone Rutz and Hays, 2009 ).
With dramatic increases in the number of animals tagged and released, there is mounting concern regarding the broader implicatiions of acoustic telemetry studies . Researchers must consider the stress of initial capture, in combination with the long-term physiological and behavioural consequences of tagging procedures and subsequent tag burden (Hammerschlag et al., 2014) .
Several studies have investigated short-term effects including postrelease survival, behavioural modifications, changes to locomotion or swimming performance, tag retention and healing (Bullock et al., 2015; Wilmers et al., 2015) . However, few have addressed the prolonged long-term sub-lethal effects of released animals .
Tag location and method of deployment is a primary concern for researchers, with a need to consider the study objective, effect on the study animal and likelihood of achieving desired data (Sundström & Gruber, 2002) . Externally attached tags have limited retention, can become bio-fouled, which may increase shedding rates, damage tags and, in some instances, cause damage to the animal (Hammerschlag et al., 2014) . Internal implantation to the coelom results in a much higher retention rate and provides long-term information. For example, an internal Nesbit tag was recovered from a school shark Galeorhinus galeus (L. 1758) after 42 years at liberty (Stevens, 2000) .
Advances in acoustic-transmitter battery life and coding now allow individual animals to be studied for up to 10 years, but longterm deployments require careful consideration about the tagging methods. Externally attached acoustic transmitters can be used to tag and track sensitive species, such as great hammerheads Sphyrna mokarran (Rüppell 1837), without the need for a potentially stressful capture (Guttridge et al., 2017) . However, the high shedding rate of externally attached tags reduces the applicability of this attachment method for multi-year tracking studies and in these instances internal implantation may be more appropriate. The long-term effects of internal tagging are still poorly understood. Vemco mobile receivers were recovered from adult sandtiger Carcharias taurus Rafinesque 1810 sharks after 1 year at liberty (Haulsee et al., 2016) and tags recovered from juvenile lemon sharks Negaprion brevirostris (Poey 1868) after up to 17 days displayed no noticeable negative repercussions (Guttridge et al., 2010) . Here, we present the recovery of an internal acoustic transmitter from a N. brevirostris that was at liberty for >13 years. This obtained. There were no external tags and scanning for a passive integrated transponder (Destron Fearing; www.destronfearing.com) was negative. Ultrasonography confirmed the shark to be gravid. Believing this to be a previously untagged individual it was determined to be a suitable candidate to receive a 10 year coded acoustic transmitter (Vemco V-16-6H), for ongoing research investigating the movements and philopatry of N. brevirostris. The shark was gently rolled ventral side up to induce tonic immobility and to facilitate the surgical implantation of an acoustic transmitter in the coelomic cavity (for detailed methodology see Kessel et al., 2014) .
While inspecting the incision site, it was noticed that, due to late-term pregnancy, the uterus was pressing an object against the internal wall of the body cavity. The object was gently manipulated towards the incision opening, where it was carefully grasped with tweezers and extracted. The object was determined to be an old acoustic tag (Sonotronics Model CT, estimated 3-year battery life; www. sonotronics.com) from a past study. A new acoustic transmitter was implanted, the incision site sutured and the shark released in good condition. Post-release movements of the shark were obtained from an array of 72 passive acoustic receivers (Vemco VR2W; see Guttridge et al., 2017 for information on array positions and range testing).
As part of a long-term genetic monitoring programme, this individual was genotyped at 11 species-specific microsatellite markers (Dibattista et al., 2008; Feldheim et al., 2002a Feldheim et al., , 2002b Feldheim et al., 2014) . These markers can be used to genetically identify individuals that have lost their PIT tags (Feldheim et al., 2002b) . Additionally, this genotype was used to determine parentage of the focal animal to any pups caught in 2017 or previous years (see Feldheim et al., Negaprion brevirostris have litter sizes ranging from 1 to 18 pups per litter and capturing a single pup from a litter class in this nursery is not uncommon (Feldheim et al., 2002a) . Unfortunately, the entirety of Bimini mangroves is not extensively sampled for juvenile N. brevirostris, thus the total number of pups birthed is unknown.
Electronic tagging is increasingly common as a means to provide valuable insight regarding movement patterns, habitat use and daily lives of otherwise difficult to observe animals, but the effect on focal animals is of concern (Lennox et al., 2017). Elasmobranchs are well known for their ability to heal and recover quickly from surgical incisions (Guttridge et al., 2010; Haulsee et al., 2016) , but it is important to determine the fate of objects implanted into the body cavity of sharks in order to minimize stress of the research subject and to ensure the obtained data represent the natural behaviour of the focal species and to learn the fate of legacy tags left inside animal indefinitely (Bullock et al., 2015) . Here, we have shown internally implanted electronic tags can be retained for more than a decade with no apparent negative effects on the health, growth, homing behaviour and reproduction of a large bodied carcharhinid shark.
Long-term research projects using telemetry have provided insight into the habitat use and daily lives of N. brevirostris around Bimini, Bahamas (Brooks et al., 2016; Guttridge et al., 2012; Morrissey & Gruber, 1993) , with juvenile N. brevirostris in Bimini using protective mangrove habitat during their first few years of life (Morrissey & Gruber, 1993) . This individual showed an affinity for shallow mangrove habitats and a relatively small, site-attached home range that is typical of other juvenile N. brevirostris in this population (Franks, 2007; Guttridge et al., 2012; Morrissey & Gruber, 1993) .
Expulsion and longevity of implanted tags is a major concern of internal tagging (Baras & Westerloppe, 1999) . Internal implantation usually results in much higher tag retention relative to external and in our observation the individual retained the tag for more than a decade, providing information across multiple life stages. In addition to tag expulsion, internal irritation and tissue encapsulation are potential ramifications of implantation of tags (Haulsee et al., 2016) , but there were no noticeable visual external indications of long-term irritation to this shark or tissue encapsulation of the transmitter. This single observation was for a species known to be resilient to capture and tagging and additional research is needed to determine the effects of tagging on more physiologically vulnerable species.
At time of recapture in 2017, this female was 16 years old and genetic analysis of juvenile populations indicated that she had previously pupped in Bimini; once in 2014, at the age of 13 years, with a single new-born pup captured in the gillnet survey. Three years between cohorts is not uncommon for individuals within this population (Feldheim et al., 2014) . Estimated age at maturity for N. brevirostris is 12-16 years old meaning she had reached sexual maturity at a typical age for N. brevirostris within this population (Brown & Gruber, 1988; Feldheim et al., 2014) . Negaprion brevirostris were the first sharks with documented long-term site fidelity and natal homing, returning to birth pups in the mangrove nurseries of their own birthplace (Brooks et al., 2016; Feldheim et al., 2014) . This indicates the initial internal tag had no effect on growth, age to maturity and reproduction ability or behaviour. This is an important consideration for internal acoustic tagging programmes of elasmobranchs, particularly those that tag at early life stages and track individuals until maturity.
Following the implantation of an acoustic transmitter in 2017, this shark was released in good condition, with no noticeable reflex impairment (similar methodology as employed by Danylchuk et al., 2014) and monitored to ensure she swam away from the research vessel.
One-week post tagging, she was detected on acoustic receivers (22 detections across seven receivers) in the same location as her capture, as well as during the summer of 2018. It is likely she had returned to this area for parturition. Genetic analysis of new-born N. brevirostris captured off South Bimini in the summer of 2017 confirmed she had pupped successfully, with a single new-born pup captured on 12 June 2017. This is an important consideration for understanding the potential stress associated with capture and implantation of acoustic transmitters for pregnant sharks. Negaprion brevirostris are known to be hardy sharks with relatively low stress induced mortality on longlines (Kessel et al., 2016) , but there is concern regarding sub-lethal effects of stress particularly for gravid females. Some research has indicated that capture related stress has the potential to induce abortion in sharks and rays (Adams et al., 2018) , although this female was tracked returning to her natal nursery and successfully pupping. 
